Lactose is a disaccharide found in the milk of mammals. In vivo, lactose is 1 hydrolyzed to D-glucose and D-galactose by intestinal lactase (lactase-phlorizin 2 hydrolase [LPH] ), a β-galactosidase expressed exclusively on the brush border of small 3 intestine epithelial cells. Lactase activity is high during the newborn period when milk 4 is the sole nutrient, but declines markedly after weaning to a low adult level. As a 5 consequence of this natural decline in enzyme level, some human adults may present 6 with LPH deficiency.
1) In these individuals, ingestion of lactose causes mild to severe 7 gastrointestinal symptoms, including abdominal pain, diarrhea, and flatulence. 2) washing with the same buffer, adsorbed protein was eluted with a linear gradient of 1 NaCl (0 to 0.5 M; total elution volume, 1 L). Active fractions were pooled, 2 concentrated to 4 mL using a Vivaspin 20 (nominal molecular weight limit 30,000; 3 Sartorius, Göttingen, Germany), and subjected to Sephacryl S-100 HR column 4 chromatography (GE Healthcare) under the following conditions: column size, 1.6 cm 5 I.D. × 60 cm; buffer, 10 mM sodium phosphate buffer (pH 6.3) containing 0.1 M 6 NaCl; flow rate, 0.2 mL/min. Active fractions were applied to a Resource Q column (1 7 mL; GE Healthcare) equilibrated with 10 mM sodium phosphate buffer (pH 6.7). 8
Adsorbed protein was eluted with a pH gradient (range, pH 6.7 to 3.4; 10 mM sodium 9 acetate buffer [pH 3.4] was used for acidic buffer). Total elution volume was 30 mL.
5ʹ-CTAGTATGCACCCTTCCGCTTCTTG-3ʹ (antisense). Amplified DNA fragments 23
were cloned into the EcoRV site of the pBluescript II SK (+) vector (Stratagene, La 4°C for 24 h, precipitated protein was collected by centrifugation (31,000×g, 4°C, 10 7 min). The precipitate was dissolved in 50 mL of 10 mM sodium phosphate buffer (pH 8 6.3), and the solution was dialyzed against the same buffer. A sample was applied to a 9 enzyme is equal to 1.98. This value was calculated based on the amino acid 1 concentrations that resulted from complete acid hydrolysis of purified rAnBGal. 2
Amino acid concentrations were measured by the ninhydrin colorimetric method using 3 JLC-500/V (JEOL, Tokyo, Japan). enzyme, 4 mM p-nitrophenyl β-D-galactopyranoside (pNPGal; Nacalai Tesque), and 7 40 mM sodium acetate buffer (pH 3.7) was incubated at 37°C for 10 min. The enzyme 8 reaction was terminated by the addition of 200 μL of Na 2 CO 3 . The concentration of 9 p-nitrophenol was determined from absorbance at 400 nm; 1 U enzyme activity was 10 defined as the amount of enzyme that produces 1 μmol of p-nitrophenol from pNPGal 11 in 1 min under these conditions. 12 13 pH optima and pH and temperature stability. pH optima were determined by 14 measuring enzyme activities at different pH values. Reaction pH was adjusted with 15 100 mM Britton-Robinson buffer (pH 2.3-6.2). For pH stability, 20 μL of enzyme 16 solution was incubated over a range of pH values at 4°C for 24 h. The pH was adjusted 17 with 100 mM Britton-Robinson buffer for pH 2.3-11.1 and KCl-HCl buffer for pH 1.5. 18
For temperature stability, 60 μL of mixture containing enzyme and 67 mM sodium 19 acetate buffer (pH 3.7) were incubated at 30-75°C for 15 min. The enzyme was 20 considered stable when it retained more than 95% of its initial activity. 21 The mixture was diluted 5-fold with water and centrifuged (13,000×g, 4°C, 10 min) tohighest β-galactosidase activity and was selected as the source of enzyme for further 1 investigations; 114 U of enzyme activity was obtained from the supernatant of 600 mL 2 of culture broth. AnBGal (96.4 μg) with enzyme activity of 140 U/mg was purified by 3 Q Sepharose, Sephacryl S-100, and Resource Q column chromatography (Table 2) . 4 SDS-PAGE analysis of purified AnBGal revealed a single band of 142 kDa (Fig. 1A) . 5
The N-terminal amino acid sequence of AnBGal was 6
Glu-Leu-Leu-Gln-Lys-Tyr-Val-Thr-Trp-Asp-Asp-Lys. This is identical to a putative 7 β-galactosidase (An01g12150), belonging to the glycoside hydrolase family 35, from A. As the yield of acidophilic β-galactosidase from the culture supernatant of A. niger 17 AHU7120 is low, we expressed sufficient rAnBGal to examine the availability of 18
AnBGal for lactose degradation under gastric conditions. The enzyme activity of the 19 culture supernatant of P. pastoris expressing rAnBGal harboring the yeast α-factor 20 signal sequence was 12.2 ± 2.5 U/mL (four transformants were analyzed). 21
For large scale production of rAnBGal, induction culture was carried out at 20°C in 22 the presence of 5 mM EDTA to enhance expression of recombinant enzyme as 23 previously described; 11) 6,440 U of rAnBGal were obtained (32.2 U/mL) from 200 mL 24 of culture supernatant. The concentration of rAnBGal in the culture broth was 25 estimated at 0.25 mg/mL according to the specific activity of the purified enzyme. The 1 recombinant enzyme was purified by ammonium sulfate precipitation (90% saturation), 2 DEAE Sepharose CL-6B, and Sephacryl S-300 HR column chromatography, yielding 3 21.9 mg of purified rAnBGal with an activity of 129 U/mg (Table 3 ). The specific 4 activity of rAnBGal was close to that of the native enzyme. In contrast to the native 5 enzyme, purified rAnBGal showed a broad band on SDS-PAGE (Fig. 1B) as gastric pH remains around 3 for 3 h following the ingestion of milk.
13) Hydrolysis of 1 50 mg/mL of lactose, a concentration similar to that of milk, was monitored at pH 3.5 2 (Fig. 2B) . 66% of lactose was degraded at 15 min, and the degradation rate reached 3 90% at 2 h. Gastric half-emptying time for milk is 25 min, and >90% of ingested milk 4 is emptied from the stomach at 2 h following ingestion.
14) Taken together, these 5 observations suggest that AnBGal may degrade more than 66% of lactose before 6 gastric half-emptying of ingested milk. These data indicate that AnBGal may help 7 alleviate symptoms of lactose intolerance, and this enzyme may be useful for an 8 enzyme supplement to degrade lactose in the gastric condition. Other values were calculated assuming the extinction coefficient of 1 mg/mL of protein was 1.00. 
